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INTRODUCTION 


Weeding in forest nurseries is &n expensive operation, especially in first-year 
conifer secdbeds where mechanical cultivation equipment is not very prectical 
until the tender seedlings are about 1.0 to 1.5 inches high and heve developed 
feirly tough stems. It mey cost over $150 ver ecre for one early-season hand 
Weeding, while the seme job can be eccomplished for $£0 to $25 per acre by use 
of “mineral spirit" 4/ sprays which cen kill weeds without killing the coniferous 
trees. Most brocdleaf trce specics, however, ere reported to be injured or 
killed by the mincral spirits. 

Previously, stove oil hed been used &@s & selective herbicide in crops of carrots 
(1) and with some success in guayule seedbeds (3) end in eonifer nurseries. The 
chief dreawbéck seemed to be the wide variation in weed-killing ability of dif- 
ferent bétches or brends of stove oil. 


Within the past few seasons, experimentcl work has shown thet mineral spirits 
give good weed control in conifer nurscries (3, 2, 6). A number of different 
Minerél spirits have becn used. In many cases the products are very similar 
chemically and about equel in weed-controlling ability. Among such products 
reported successful ere those known to the trede as Stodderd Solvent, Sovasol 
No. 5, Stanisol, Varsol, and Sohio Weed Killer, Others mey be &s effective. 
The imoortent consideration seems to be uniform cromatie content of at least 
10 percent and preferably 15 to 20 percent. 


J/ Weintéined at University Ferm, St. Paul, Minnesotc, in cooperation with the 
University of Minnesota. 

2/ Credit is due EB. R. Stoltz and il. L. Heinselman of the lcke Stctes Forest 
Experiment Station for cid in collecting ¢nd summarizing the field data, 

3/ Forester, Northern Lekes Forest Resecrch Center, Leake States Forest Experi- 
ment Station, Rhinelender, wisconsine 

4/ The mineral spirits «re of nepthenic origin end usuclly heve en aromatic 
contcnt of 10 to 20 percent. They were first used by truck farmers about 
5 or 6 years ego as spreys in fields of cerrots, persnips, ond other crop 
species of the carrot fcmily (5). Rocently they heve beon used as selective 
herbicides in Wisconsin crenberry marshese 
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EXPERIMENTS IN wISCOMSIN NURSERIES 


To test several weed killers in nursery beds of different species, a number of 
experiments were run in Wisconsin nurseries during 1947 and 1948. 


A SR NS 


Results of 1947 Tests 


In 1947, a preliminary trial was made at the Hugo Sauer Nursery, Rhinelander, 
Wisconsin, to test the effectiveness of such products as No. burner oil, 
Stoddard Solvent, Sovasol No, 5e/, WeedoneS/, and Esteron 449/, Burner oil 
gave rather poor weed control at full concentration or emulsified at a ratio 
of 1 to 3 with water, whereas Weedone and Esteron 44 caused moderate to severe 
mortality of the trees. With dosages as low as 70 to 80 gallons per acre (Cae 
the two mineral spirit products, Stodderd Solvent end Sovasol No. 5, killed 
slightly over 90 percent of the weeds on beds of first- and second-year red 
pine and third-year white spruce. These materials were applied full strength 
with @ 3-gellon continuous-pressure gerdcen sprayer. 


The weed kill was better where weeds were small. The weeds bezan to droop 
slightly and changed color within two or three hours after treatment. After 
24 hours, most of the thin-leaved, succulent weeds had turned gray to light 
brown in color and were dead. In hot weather the reaction wes more rapide 
Some of the more persistent weeds lasted as much as 4& week before dying. 
Some species, notably Canada thistle, purslane, and rye (when large), and 
quack srass wore killed only partially (5 to 30 percent or less) or not at 
all. 


Dosages of over 120 gallons per éere injured second-year red pine by causing 
&@ pink énd later a brown discoloration near the base of the needles, just 
above the leaf sheath, apparently due to collection of smell droplets of the 
weed killer at that point. By the end of the year the injury had largely 
disappeéred, without céusing any detectable difference in seedling survival 
or size. 


Observations in April 1948 in red pine beds treated the previous summer as 

1-0 stock showed very delcterious effects of the 2, 4-D products on both stand 
and seedling size (treatments 2 and 3 in teble 1). The burner oil was not 
hermful to the trees, but was rather ineffective in weed control. The mineral 
spirits (treetments 5 and 6) caused only minor needle damage. 


Second-ycer red pine beds similarly treated showed considerable mortality from 
Hsteron, but only minor losses from the othsr three treatments. The Weedone, 
however, stunted growth of the pinee In April 1948, the percent of needles 
showing basal lesions caused by Stoddard Solvent and Sovasol was 18 and 350 
percent respectively for dosages of 144 and 216 gallons per ecre of the two 
treatments. By the fall of 1948, these trees had largely recovered. 


5/ Minerel spirits. 
6/ 2, 4-D products. 
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year red pine, and effect on size as 2-0 stock 1/ 


* Needles ; Trees : Les tb c ; 
Treatment ‘(Ghowine Kidlea by” “oteeh OF Remarks 
: : i 3: 100 2-0 : 
, aamage ,breatment , 5 
etl SN Gana ae ebag eol zsh SUMS bu UO, 
Fercent Percent Ounces 
ile He lol a) ean 0.0 On 0 9.59 
Be Weedone. ecaoeeceene 92.0 EO) 4.70 Not suitable 
Beeasveron 44,ccces~e 100.0 40.0 owes Not suitable 
4, No. 1 Burner Oil 0.6 0.0 8.15 Tree damage very light, 
but weed kill wes poor. 
5. Stoddard Solvent 3ek 0.0 8.85 Treetment eppears 
promising. 
Be SOvesol Nose Secce 3e4 0.0 10.40 Treatment éppears 
tromising. 


ay Treated July Ls 1947, Observations for injury end mortality are for 
April 28, 1948. Weight data was recorded in October 1948. 


Third-year spruce treated the seme way showed more resistance than red pine 
to injury by Weedone end Esteron and praecticelly no injury from the mineral 
Spirits which were epplied et the rate of 120 or more gellons per acre. 


A lot of red pine given the sane treatments as 2-0 stock showed a merked 
reduction in tree stend by the fall of 1948. Sizes of surviving trees were 
reduced 26 and 43 percent respectively by Weedone and Esteron. The average 
Size of the 3-0 trees treated with Stoddard Solvent end Sovasol No. 5 was 
slightly better then in the check plots, but not significantly so. 


Experiments in 1948 


In 1948 more detciled exoeriments were run at Hugo Sauer Nursery and Griffith 
St<te Nursery in Wisconsine They were designed to test more accurately the 
toxicity of mineral spirits in rcletion to species and age class of trees and 
season, weather conditions, wetering, and shade. These tests included several 
experiments, each of which contéined 4 to 7 treatments, usuelly replicated 
four times. Weed counts were méede before treetment end usuelly about a week 
after trectment. Tree counts were ¢iso made before treétment end about 10 

to 30 days efter treatment so thet possible adverse effects of the mineral 
Spirits would heve time to show up. Notes were mede at frequent intervals 

to observe progress of tree domege or recoverye 


Accurcte exncrimentél1 control wes deemed desirable becfuse much of the work 


done to dete with mineral spirits in forest nurseries hes been of &n obscr- 
veationel or empiricel neturee Past expcricnce with several thousand nursery 
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experimental plots had shown the difficulty of defecting rather uniformly 
distributed losses of i0 to 20 percent in stand, particularly from treat- 
ments designed as soil emendments or weed or seed control, in trees just 
starting to emerges from the soil, uniess one relies on counts réther than 
abservation. A nursery seedling crop usually has a velue of $5,000 to 
8,000 per acre, and a shrinkége in production of as low as 5 to 10 percent 
obviously represents a serious loss, 


In the 1948 triéls the spréys were eecurately measured out with 4 graduate to 
the nearest cubic centimeter end applied cuite uniformly as a fine mist with 
a 2-cquert hand spraver. 


he sprey meterial used was Stodderd Solvent containing 10.8 percent of 
erometic hydrocarbons, with an initial boiling point of 314° F., an end 
point of 389°F., A .+.1. grevity of 48.9, and specific gravity of 0.784. 


At the time of spraying, the individual plots were shielded with cloth 
barriers to prevent drifting of the spréy onto acjoining plots. 


Bifect of Sprays on Weeds 


From Lay 19 to 21, 1948, four sets of experiments were conducted at Hugo Seuer 
Nursery to compere weed kiil end tree species reection in (1) first-ycar red 
pine; (2) first-year white spruce, (3) seeond-yeer white spruce, and (4)- white 
spruce transplents age 3-1. Before spréeying there were about 5 weeds per 
squere foote 


The weed kill in these four separete tests wes quite veriable, depending on 
weed spsccies and size (tebie 2). Larger weeds and grass~like plants proved 
relétively difficult to kill. 


In trial 1, weeds were ebout 60 percent ryc, averaging 4 inches high, with 
other weeds only about i inch high. Tie rye proved rcther hard to kill with 
light dosages. 


In trial 2, ebout 38 percent of the weeds were rye, averaging 4 inches highe 
Nongréss weeds evercging 0.8 inch high wore killed readily by low dosagese 


il rye, averéging perhaps 3 to 5 


1a) 


In trial 3, the weeds were practicelly 
inehes high. 


In trial 4, woeds wore préctically all nongrasses, everaging 2 inches high. 


Subsecuent tests et Griffith Stete Nursery on June 15 and 16, 1948, showed a 
mueh greeter kill on weeds usuélly under 1 inch in size, with the inter- 
Mediczte range of treatments (teble 3). preying 50 gallons per fere of 
Stodderd Solvent reduced the weed stend 9% percent. A similer dosage on 
larger wiecds reduced them by only 44 percent. 


later experiments repectedly verified the results of these triéls &s regards 
kill in reletion to size of weeds. It seems sefe to sty that spraying with 
Mineral spirits kills 90 to 95 percent of the common weeds found in Wisconsin 
nurseries if eyplied when the weeds are less thin 1 inch in height or spread. 
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able 2e——Bifect 03 of S St todderd S solvent on 888 ds in four trials made May 19 


‘to. eae 1848, 2 t Hugo Ssuer Nursery, Wisconsin 
Stoddard : Increase or decreése in weed stand efter one week 
Solvent “ale ia an 3 
applied * griai1 * Trial2 * Trial3 * Triala ° Average 
epepem fere _s i see te i as a 
Gallons Percent Percent Fercent Fercent Pereent 
@ +12 + 8 +15 +4 i/ + 10 
50 —24 -67 45 ~-38 ~ 44 
75 -36 -76 ~64 =D7 - 58 
100 ~48 -80 -83 =e) - 70 
125 -64 -84 -78 -84 iS 
150 -74 89 ~85 -86 - 84 


Note inereése in weed stand in check plots. Weed stand before treat- 
ment evereged about 4, 6, 3, and 7 weeds per squere foot respectively 
i tevets hy geo. and 4. 


Tebile 5e--Reduction in weeds where average height was less than 1 inch. 
Sprayed v with Si 1 Stoddard S Soivent. Griffith Stat te. Nursery, Wiscon- 
sine Sprayed ed June 15-16 6, 1948. 


ucounsab per ‘here : Inereése Taser hae ety stand 
Ei. Paes rent Percent 
0 1/ +190 
40 ae 
50 - 90 
75 - 95 
100 = 95 


1/ Note merked inersese in weed stend in check plots. These results of 
the test indic. tc a pre-emergent kill of sprouting weed seeds. 
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Tree Specics end Age Class Reaction to Minoral Spirits 
The adverse effects of oi1 sprays bésed on tree counts were reted by two 
major categories, iec., (1) mortelity or decreese in stand, and (2) injury 
as exhibited by necdle burning. The letter usuclly comprised all injury, 
including thet deemed recoverable. In instances where one-third or more of 
the needle erca had been killed or where the tree hed becn severely set back 
in growth, injury was classed as severe. Treatments with mortclity over 5 
percent are particularly suspect because this represents en irretrievable 
loss, Whereas slightly injured trees have considerable chance of recovery. 


The 1948 experiments showed conclusively that some species, notably white 
spruee, were more subjcct to injury then jack or red pine. The damege on 
white spruce wes cspecielly noticeable in first-year seedbeds sprayed late 

in May. Both the stend end the size of trees were effected adversely by the 
Oil spreys. Here actual tree mortaiity ranged from 19 to 62 percent, depend- 
ing on dosage level (teble 4). Besed on eounts before and efter spreying, 
about 32 percent of the seedlings in the four heavier treétments died the 
first week beccuse of the oii spray. Josses in the 50-gellon trestment did 
not occur so quickly. 


Three other age clesses of trees (1-0 red pine, 2-0 red pine, and 3-1 white 
spruce ) sprayed at the seme time as the first-year white spruce on May 19 to 
21 showed no significant loss. However, some trees were injured, esnecially 
in the heaviest treetment of 150 gallons ner acre. 


On first-yeser red pine treeted with the 160-gallon dosége, no mortelity wes 
attributebie to the oil sprays. The percent of the trees which showed injury, 
largely as lesions on the tender stems or reddish spots on the cotyledons, 
Were 0.2, 0.5, 505, 3.4, and 5.3 percent respectively for the 50, 75, 100, 
125, and 150-gallon-per-ecre treatments. These recovered almost completely 
by the end of the season. 


Results on seccnd-year white spruce end 3-1 white spruce were not ouite so 
regular in trend, but indications are that treatments of ebout 75 gellons 
per acre will give good weed control with negligible injury--usually 2 or 
5 percent or less of the trees. In the c@se of white spruce, the injury 
With heevicr trectments showed up in the terminal buds which were either 
inhibited from forming or if already formed, turned dark brown énd died in 
some 5 to 10 percent of the plants, New growth was more sensitive to oil 
burning then older needles. 


On trectments of jack cnd red pine made in mid-June or later, heavier treat- 
ments (over 100 galions per ecre) usually ceused the foliage to turn yellowish 
greene Severely dameged necdles leter turned brown end died. 


Jack pine trcéted with about 100 gallons per acre of Stoddard Solvent often 
turned light grcen, indiceting some interference with normal metabolism. 

After 3 to 4 weeks the normal green color returned, with epparently no adverse 
effect on size of trees. 


First-yeer white pine, bcisem fir, and white spruce sometimes reacted some- 
whet like jack pine in color chenge, elthough not so strikingly because of 
their lesser foliage growth. The new growth on conifers seems to be especially 
Susceptibie to demege from the spréys, Older needles show less injury then 
new Onese 
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Table 4.--Stand and survival in beds of first-year white spruce treated 
with various amounts of Stoddard Solvent on May 21, 1948 1/ 


eee eee 


Treatment : Trees per square ; Stend compared 
per acre $ foot on June 28 ; with check plot 
ca aa Ree i eee 
9 5865 100.0 
50 4745 81.0 
79 41.5 R10 
100 37 ee 64.0 
125 26.0 44.0 
150 2204 5820 


i/ Trees avereged 0.5 inch high and germination was about 75 percent com- 
plete. The day waés bright and sunny, with air temperature in the shade 
about 70° F. 
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First-year white pine and balsam fir are subject to injury with dosages of 75 
gallons or more per acre, especialiy before the true needles have formed and 
where beds are unshaded. 


As the season progresses, some tree species become more resistant to the 
action of Stoddard Solvent. For instance, first-year beds of white spruce 
sprayed on June 25 showed practically no mortality from dosages of 50 to 125 
gallons per acre. However, the 150-gallon-per-acre treatment caused 7.6 
percent mortality. First-year red pine spreyed on June 14 was uninjured by 
sprays of 50 or 75 gallons per acre, and only 0.5 percent were injured by 
doseges or 100 to 150 gallons per acre. 


All these results indicéte thet less damage is incurred in first-year beds 
from spraying in summer rather than in late May when the pients are quite 
succulent or just cmerging from the soil. 


Other species on which oil sprays were tried included first-year mugho pine, 
4ustrian pine, Scotch pine, eastern white pine, balsam fir, and blue spruce. 
Dosages of 50 to 75 gallons per acre were generally quite successful except 
on blue spruce, Ma showed some late-season mortality when treated with 40 
gallons per acre. 


Of all the species and age classes tested in 1948, two spruces (white and blue) 
were perticularly subject to injury or death from the mineral spirit spreys 
applied in the first half of the growing season on first-year beds, especially 
When the seedlings were just emerging from the ground. Nurserymen should, 
therefore, proceed with utmost céution in use of oil sprays on spruces at 

this period of their deveiopment. Dosages as low as 25 to 35 gellons per acre 
may be necesserye Some additionel precautions will be mentioned later. 


affect of Repested Spreyings 


Previous results had shown repeatedly that satisfactory weed control could 
be obtained with use of Stodderd Solvent, but there wes some question as to 
possible harm to trees from repeéted use of mineréi spirits. No tests were 
made in these experiments on residuel effects on the soii. However, accord- 
ing to W. H. Lachman ,2 Assistant Hesecarch Professor et Masséchusetts State 
Coliege, no damage or harmful residual effects were observable after five 
yeers' use of mineral spirits in experiments with carrots and parsnips. 


Low-grede oils of & higher viscosity and with feirly high asphaltic residue 

have been used for 20 yeers in citrus groves in California without iil ees 
@ecording to we A. Harvey of the Division of Botany, University of Gai roma 
Appercutly with lighter oils, such és furnace oil, stove oil, or mineral 

Spirits which volatilize readily and leave very littic residue, chances of 
residual bad effects are negligible and no adverse soil cffects are entici- 
pated from use of mincral spirits in forest nursericse 


Bf According to observetions by howerd Anderson, Nursery Superintendent at 
the Nekoose-Hdwerds s¢per Company nurserye 

8/ Information via correspondence. 

9/ Personal correspondence, 
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No experiment at Hugo Sauer Nursery included more than three sprayings with 
Stoddard Solvent. First-year red pine and 3-1 white spruce successfully with- 
stood three treatments without apparent loss. In the first-year red pine, the 
initial spray was applied on May 19, when the stand usually had from 10 to 12 
trees per square foot and was still germinating vigorousiy. The seed coats 
were still adhering to the cotyledons. Hight days later the stand had in- 
ereased to about 40 trees per square foot with no apparent mortality (table 5). 
The beds were egain sprayed on June 14 and July 29. By the end of the season 
the loss in stend from June 14 to October 15 ranged from 2.6 to 3el trees per 
square foot for sprayed plots while the check plots had a loss of 2.9 percent. 
No adverse effect on tree size was noted at the end of the season. In fact, 
the treéted pines were slightly lerger than those in check plots. 


émong first-year white spruce, on the other hand, losses were heavy, especially 
from the carly applications (table 6), Almost 40 percent mortality occurred 

in plots receiving 75 gallons or more of Stoddard Solvent per acre. Mor- 
tality caused by the second application was negligible, indicating a marked 
increase in resistance to the oil by that time. The "normal" mortality from 
factors other than mineral spirits was about 10 trees per squere foot on the 
check plots. The loss in the 50-gallon-per-acre treatment was a littie more. 
losses in the beds treated with 75 gallons or more per acre were two to three 
times @s high &@s in the check plots, indiceting that dosages of 75 gallons per 
acre are too high, at least for the Mey sprayings. 


Average size of the 1-0 spruce trees was reduced by as much @s 30 percent, 
and all oil treatments of 50 gallons per acre or over céused a marked reduc- 
tion in weight of the trces. This contrasts with first-yeer red pine which 
was actually improved in size by the oil sprays. 


The mortality of 3-1 white spruce trensplents sprayed on May 20, July 13, 
and September 2 was 0.0, 0.5, 1.4, 0.4, and 0.5 trees per square foot for 
the 50, 75, 100, 125, and 150-gallon per-acre treetments, respectively. 

The mortelity in check plots wes 0.8 tree per square foot on spruce trens- 
plents, but the problem in connection with spraying is not tree mortality, 
but bud injury, especially with treetments of more than 75 gellons per acres 
Size of trces in spréyed plots et eny level of spray treatment was as good 
as or better than thet in check plots. 


There was no undue mortality in second-year white spruce seedlings sprayed 
on May 21 and July 13. With this age class the chief problem is avoidance 
of injury, especially & temporary chlorotic condition in the now needles on 
the iceader. Dosages of 75 geilons or less per acre did not cause any appre- 
eciable chlorosis, and no reduction in size was noted with dosages of 125 
galions or less per acres 


First-yeer jeck pinc sprayed on June 14 and June 24, respectively, showed no 
consistent mortality from oil spray from doséges up to 150 gelions per acres 
Size of trees in spreyed plots wis equel or superior to thet in check plotse 


In two repect sprayings made June 11 and July 29, on first-year red pine, 
there wes no apprecicble difference in mortality with dosages in the range 
of 50 to 150 galions of Stoddard Solvent per acre, and tree injury wes 
negligible in treatments of 100 gallons per acre or less. Trees in sprayed 
Plots were lerger then those in check plots. 
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Table 6.--Hffect of two Stodderd Solveut trectments on first-year white 
spruce 
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- Tree mortelity per square foot ; Average 
Dosage : Hi beh : fresh weight 
per acre oe ainSsy : Second : ; of 100 trees 
; spreying > spraying : Total H 
Mey: Ba 3; June 25 3 : 
Gellons Number Number Number Grems 
10) 3e8 i 509 SAA 28.6 
50 Dee 10.7 12.9 21.0 
75 15.7 6.3 2220 £2346 
100 eS 10.7 28.2 21.0 
125 1726 520 22.6 22.5 
150 TAD) 6.9 20.4 19.9 
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Repeat spreyings of 2-1 red pine meade on June 11 and July 14 with 50 to 
150 gallons ner acre showed no significant tree mortclity in any dosegese 
In the two heaviest treetments (125 and 150 gallons) some browning of the 
tips of the needles occurred and ebout 5 percent cof the trecs had dead 
terminal buds. By Scptember 7, however, about 95 percent of the demaged 
trees hed again formed new terminal buds. 


No cumulative losses were incurred by any tree species in six or more tests 
where two to three repeat spreyings were made, White spruce alone showed 
considersble mortelity iargely due to en cerly spreying of Mey 21, when trees 
were just emerging from the soil. In this letter cése, the size of trees at 
end of the growing season was considerebly smalier in sgreyed plots then in 
check plots. On préctically all other tests, trees in oili-sprayed plots were 
equél or superior to those in check plots. 


Repeat sprayings heve the <dvantcge that fewer weeds come up efter spraying 
then in hand-wceeded plots, thus leaving beds progressively cleancr as the 
season advances. 


Fre-emergeut Kill of Weeds end Weed Seed 


As a cheek on possible pre-emergent kill of their seeds or newly germinated 
pléents, all the weeds were removed by hand from @ series of first-year jack 
Pine beds on June 24, 1948. Tho beds were sprayed with Stoddard Solvent the 
next day, and weed counts were mede on July le end agtin on July 27. 


The results showed that mineral spirits, especially if epplied in feirly heavy 
dosages (which give deeper penctrétion into the soil) kill a very high per- 
centage of the more permeable weed seeds or newly germinated seeds which have 
not yet pushed through the soil. Dosages of 150 gellons per eere ceused a 
reduction of 98.8 percent in weed stand (teble 7), with the effects cerried 
Over for @ full month. This also explains why repeat spreyings tend to liceve 
progressively cleaner beds where oil spraying is used rather then hend weeding. 


The results of this test indiccte thet mincral spirits can be applied profit- 
ably before there is an extensive visible stand of weeds. Froperly leveled 
seedbeds, et least in late spring seedings, can be treated to adventeage with 
heavy dosages of minerél spirits (perheps 150 or more gellons per acre) 

several days before plenting the conifer seeds In this way it enpears possible 
to control weeds fairly well during the first month or so without risk of oil 
injury to the trees. After spréying, there should be little or no soil 
disturbance by leveling or reking in order to prevent bringing to the surface, 
soil from depths below the level of treatment penetration. Such soil still 
conteins vieble weed seeds. 
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Treatment H Avorcge weed stand : Weed stend in reletion 

per é@cre : per 4'x4' bed : to check plot sc 
Gallons Number Fercen 
0 16.25 100.0 
50 2e25 13.8 
75 1.75 10.8 
100 1.25 7.7 
125 0.50 Sel 
150 0.20 1.2 
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Ef of Overhecd Irrigction on Recction of Minerel Spirits 
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Since some damage to tree scedlings cnd trensplents occurred et higher dosages, 
it was decmed desireble to deterninc how such demage might be minimized. One 
Method which wés investigcted was the use of water on the beds berore and after 
sprcying with mineré1 spirits. 


The first tricl of wetering of first-yctr jack pine immedictely before appli- 
cetion of 150 geliions per acre of mincrel spirits ccused maximum reduction in 
treo demege. The percent cof trees injured wes only 4.2, as compared with 21.4 
pereent where watering wes done 1 to 2 hours in edvence of the mineral spirit 
spray (table 8). The latter weter epplication wes apperently ineffective 
because of evaporation of the water before the oil sprey was enpliecd. Water- 
ing done just efter the epplication of the weed killer wes less effective then 
thet done before spreying.e Since most nurseries heve overheed irrigation 
aveileble, this may offer a way to minimize demege on sensitive tree specics. 

t is apparent, however, that weed kill was not quite &s good where watering 
wes donc bofore instead of after applicetion of the weed killer. 

Table 8.--Comperative damage by mineral spirits (Stoddard Solvent) in 
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first-year jeck pinc treated on July 13, 1948, counted July 
is, 1948 
: : Effeet on trees : seals 
: aE ale Me :_on weeds 
treatment <a. 4 PDE Ne : ses pa sIncreese or 
ee lime of water application ' ae ae ale cae GRaHee Mn 
: : ig oe I 1) eecend latter 
: al dace MOR Sh OT ila Jee BS: ays 
Gallons Number Fercont Fercen 
150 Two hours before treatment A BiB ef 214 -71 
150 One hour before troetmcnt Dia 21.4 -93 
150 Just before treetment 0.7 4.2 -83 
150 Just after treeaticent PyB) UA AL 100 
150 One hour after treetmen Siem UE ~- 100 
150 Two hours éfter treetment H-S IVA Is) -i00 
6) wetored but not treated aes vate +87 
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d/ Based on count of entire bed of 16 square feet replicated four times in 
each treitmcnt. 

B/ Besod on counts of 2 squere feet in each of four replications in each 
trectmont. 


A second test of the "cooling" principle wes tried on first-year white spruce, 
On August 9, There wes & reduction in trce mortality with dosages of 75 and 
450 gallons, but it was not as contresting as in the first-yeer jack pine beds. 


A third trial, mede on August 9, 1948, on first~year jack pine, indicéted that 
Watering just before applicction of Stodderd Solvent did not eppreciably affect 
weed kill, Tree mortelity was negligible in oll cfses. However, there wes a 
very merked and ccnsistent reduction in injury to the pine by wetering just 
before trectment, there being usuclly onlyhelf <s much demage as in unwatered 
beds (teble 9). About half of the trees reted as dameged on September 7 still 
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showed injury as exhibited by foliaze browning as late as October 4, 1948. 
Oil sprays of 150 gellons or less per acre showed no adverse effects on seed- 
ling size. 
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on first-yoer jack pine. Trceted August 20, 1948, counted 
September 7, 1948 
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All trees injured irces severely injured 


Treatment : ae: Uns ue 
a ae : Not watered : Wetered * Not watered : Watered 
Gellons Porcent Percent Percent Fercent 
0 p) 0 0 ) 
75 4.4 Bek 0.8 0.35 
150 ave7 Seal 620 262 
220 40.9 20.4 12.3 4.6 


Effect of Shading and Low Light Intensity on Toxicity of Mineral Spirits 


Does shading of beds reduce oil damage? To help solve this question, half of 
an area of first-year white spruce seedbeds was protected with half shade and 
& double layer of coarsely woven cotton cloth, and half was ieft unshaded. 

The beds were sprayed on July 14, 1948. Shading reduced oil injury to the 
trees (exhibitcd by foliege yellowing or browning and needle curling) from 29 
to 80 percent for unsheded beds down to 2 percent or less for shaded beds 
(tebic 10). The mortelity was slightly, but consistently lower in the shaded 
beds. ticed kill wes practically complete in ell treétments. No untreated 
plots were inciuded in this test, so it is not known whether the 7.2 percent 
mortality in the 75-gcllon-per-acre trectment (shadod) was partly attributable 
to normél or averége mortziity such es often occurs even in untreated bedse 
The important thing is that the velue of shading in reducing oil injury is 
definitely esteblished, cven though the degree of shade used in the experiment 
Was somewhat heevier than with the usual slet-wire snow fenee used for half 
shede in large-scale operations. 10 Excessive shede caused & reduction in 
fresh weight of trees, rénging from 32 to 53 percent. Since shading is a 
normal nursery practice on first-year seedbeds of white spruce, it therefore 
has edditional merit in reducing oil injury. 


10/ The shede used in this experiment was considercbly heivier then the usual 
half shede used for spruce beds and more neeriy simulated light conditions 
on @ dey with very heevy overccst or when reining. The average light 
intensity (Weston Meter) besed on 8 reedings at breest hcight under shede 
was only 16.0 percent of that in the open. Based on light @s reflected 
from the soil, it was 15.6 percent. 
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Tebie 10.--Effect of shede on reection of minerél spirits in first-year beds 
of white spruce, spreyed July 14, 1948 
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Gallons Fercent forcent Percent  Forcent. Percent Foreont 
79 792 9.4 Zeal Some 100.0 9903 
150 264 10.6 0.0 refer b 100.0 100-0 
229 9.7 10.8 Cel 80.5 100.0 100.0 
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J/ Counted July 12 end again on September 30, 1948. 
@/ Counted July 12 end agein on July 27, 1948. 
/ Counted July 12 end agein on July 19, 1948. 
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Temperature and Other Wether Conditions as Factors in Toxicity of Mineral 
Spirits 


So-called “oil burning" of the tree crop from uss of mineral spirits appeared 
to be less prevalent on cool than on werm days. A bed of first-vear jack pine 
consisting of 24 4x4-foot plots was sprayed on July 12 and 14 respectively, 

a@ worm and a cool dey. The everege air temperatures in the shade et instrument 
shelter height was 84° F. on July 12 and 77°F. on July 14. The former was an 
Overcast dey, and the latter was bright end sunny. 


The percent of trees showing oil injury wes strikingly end consistently higher 
on the wermer dey (teble 11). The ectual tree mortelity was rather negligible 
end had no apparent significance. Nor did any significant differences show up 
in weed kill as between the two deys. However, the weed kill with oniy 50 
gellons per acre (as wes the case in some other tests) wes rather mediocree 
Teble 1l.--Comperison of reaction of mineral spirits on trees and weeds 
on cool and moderately warm day. Trees were first-year jack 
pine, sprayed July 12 to 14, 1948. 


Trees showing oil Increase or decrease Darema: tanwecale 
adel ~ 


** of 


Treatment : injurv : in tree stand Pe 
a : Cool day ‘Warm day : Cool day : Warm day j Cool dey : Warm day 
Gallons Percent Percent  Forcent Fercent Percent Percent 
50 Cant 6.6 -0.7 —2.e1 -43.0 —3220 
100 ee AGM $9.4 —3e0 -$4.0 -93.0 
150 Bode BLAS mill Ugh, 0.9 -67.0 -86.0 
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The air temperature in the open at a height of one inch ebove ground was 91° F. 
and 84°F, respectively on the werm end cool days. It is rather surprising 
thet differences were so contrasting in tree injury. No adverse effect was 
observed in secdling weight at end of the seeson from oil treatments of 100 
Ballons or less per acre. 


Results of = second trial mede on first-year jeck pine, attempting to appraise 
temperature as a factor, did not result in sharp differences, and there was 
some indication that intensity of sunlight, humidity, and the hour of spraying 
may have affected the rete of penctretion or of evaporetion of the mineral 
Spirits end its resulting injury. 


ee ee re 


The effect of day versus night application of mineral spirits was the subject 
Of tests run on Auzust 20, 1948, in first-yecr jack pine beds. The air 
temperature was 80° F. in the day, and 70°F. in tho evening. 


The results showed a vory marked and consistent reduction in necdle browning 
With night spraying. In the 150-gallon-per-acre treatments, the percent of 
trees showing injury was 22.2 vercent end 1.3 percent respectively for day 
@énd night spreying. At a 75-gallon-per-acre treftment it was 4.6 and 20.6 
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percent respectively (table 12). The total weed kill was almost identical in 
the day and night sprayings, but there were so few weeds as to make results in 
weed kill inconclusive. 


Table 12.~--Comparctive injury and mortality in first-year jack pine beds 
treated with mincral spirits on August 20, 1948 


TR a nn mr rr | me me nm ee ee ee Ce er ee es ee ee ee eee 


: Trees injured by oil spray sIncrease or decrease 
ae : in tree sténd 
3 : injury , evere injur}3 . = 
Ben ee ita hed ee eo ae ee |e ne Dey ; Night 
2. Vay a2. Night. § De fie inn aus ttre ere 
Gallons Pereent Percent fercent Percent Percent Percent 
0 0.0 0.0 0.0 0.0 220 —3e9d 
> 4.6 0.6 06 08d Led 0.0 
150 Bowe eS Dies Oe -1.2 -1.2 


Tree mortality, amounting to only a few percent, showed no consistent differ- 
enees between day and night spraying. Mortality wes about equal in check plots 
and in treated plots, indicating that in midsummer of the first yeer, jack 

pine is very resistant to kill even from a rather high dosage of 150 gallons 
per acre Of Mineral spirits. 


Jack pine wes used extensively es ean "indicator" plent in experimental work 
because of its quick changes in color, showing effects of oil injury in the 
form of needle browning. 


Apperent Safe Doseges of Mineral Spirits 
As 4 guide to nurserymen, the best available informetion as to apparently safe 
levels of treatment of species commonly grown in the leke Stetes nurseries has 
been assembled (table 13). Generally the lower lovel of the range is advisable 
especially during the geriainetion pericd. Where special precaution is used, 
such @s spréying beds with overhead sprinkling or spré@ying on cool nights, 

the upper level of the range should be quite safe and probably could even be 
excceded by as much as 25 percent without incurring unduc injury. 


Indicztions are thet in the germination period, dosages of 25 to 75 gallons 

per cere are sefc, with some variation by genera -- the pines being more oil 
resistent then the spruces or fir. After July 1, When germinetion is gonerally 
complete end the trees have herdened up somewhet, the effective and yet safe 
dosages ere in the renge of 50 to 90 gallons per acre, with pines usually able 
to t&éke hecvier trectment then spruces or fir. 


These dosages incorporate a safety factor of ebout 10 gallons per acre for 
the germination period end around 20 gellons per acre therecftere In other 
words, the upper limits stated could be exceeded by those amounts without 
appreciéble nonrecoverable damage or tree mortelity. In any le rge-scale 
operétion, it is difficult or impossible to put on an exact prescribed dosage, 
and such a safety factor thus gives nurserymen some "margin for error." 
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Tab le 13.--Apparent séfe dosages of mineral spirits on conifer nursery beds 


Kpplication per acre of mineral spirits 2/ 


After July 1 on 
first-year beds 
and at anytime on 
any age classes 


During germination 
period up to July l 
of first-year 


Genera and species 1/ 


ee ec 82 8% Gf o¢ 
ee 42@ @8 ef «cc $9 


Socoveds older than one year 
Gallons Gallons 
Pines, jack and redsscusoee 40 - 75 75 - 90 
Spruces, white, Colorado 
biue and Norway... 25 — 40 50 = 75 
Mims (badgem fir) <assedccee 35 ~ 50 50 = 75 
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J/ See text, page 19, for reaction of other species. 

2/ Where weeds ere small, the lower level of the renge in treatment will 
Zive satisfactory results with a minimum of risk. Additional pre- 
cautions include watering beds just before application of the mineral 
spirits, or spraying on cool days or at night when air temperatures are 
around or under 75° F. With such precautions, the upper limit of treat- 
ment would appear safe, or could even be exceeded soinewnate 
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As an added precaution, it is recommended that nurserymen try out the mineral 
spirits on a small scaie before undertaking large-scale spraying operationse 
With species for which there is rather limited information, small-scale trials 
are especially necessary. These may indicste that with the preliminary 
sprinkling with overhead systems, the first-year specics can take considerably 
heavier oil treétment with resulting better weed kill. 


The results of two years’ experimentation in Wisconsin give no basis as yet 
for fine distinctions in prescribed dosages for individual species of pine. 
The verietions observed in oil resistance (first-ycar red pine being out- 
stendingly resistant) have not werrented compilation of a complicated sct of 
prescriptions. A simple set of recommendations seems sufficient (table 13). 


More significant may be the fect that species which usually require half 
shede in the first-year seedbeds (generally climax or near-climax species 
ecologically), such as spruces and balsam fir, will not tolerete dosages of 
Mineral spirits as high as those species usually grown in full sunlight in 
the first-vear seedbeds. 


Some information was obtained for other species not listed in the general 
recommendations. Austrian, Mugho, and Scotch pines, as first-year trees, 
Were uninjured by sprays of 50 gallons per acre, and first-year white pine 
Was not camaged by 75-gallon-per~-acre applicétions. whether the doseéges 
are safe on older age ciésses was not determined. LEliason (sy) reports 
second~yeer Scotch pine &@s being damaged by heavier dosages of mineral 
spirits end that larches are so susceptible to damage that they should not 
be sprayed with this herbicide. It is reported that Dougiaes-fir can with- 
stand dosages cbout as given for belsam fir. Northern white-cedar is rather 
ensitive and appears to rank with white spruce in oil resistance. Robbins 
(6) observétions on first-year ponderosa pine appear to place it in about 
the same resistance category as red pine. Cossitt (2) indicctes thet long- 
leaf, lobloily, and shortieef pines can be treated with dosages at least as 
heevy as shown for the spruces. He indicates that dosages of 40 to 50 
géllons Gare a maximum required in southern pine nurseries end thet often 
very light treetmcnts of ebout 25 gsilons per acre will give excellent weed 
control, provided spreying is done when the weeds are very smelle He 
Mentions spreying eastern redcedar successfully, apperently with the same 
genere1 level of treetment <¢s for the pincs. 


Methods of Applic:tion of tho Minersl Spirits 


The mcthod of applying mincrel spirits will very by purposes of the spreyinge 
Bor investigation of reection on tree specics or age classes for which no 
information is avcileble, the most satisfactory device for sprey application 
is © hand-opersted piston tyoe spray gun of 0.5 to 2.0-quart capacity. With 
these, precise levels of application cn smali plots of 10 to 16 squere feet 
in arce, replicated four to five times, will give good experimental results 
Within e minimum spece end with the fewest number of seedlings damaged or 
killed. Counts or estimetes of weed kill cre necessary. Exact counts of tree 
stend, before and after spreying cither on the entire bed or specified 
interior drills (for instance 3 out of 7 or 10) will aid in e more exact 
eveluétion of treatment. Counts of damaged trees help in rounding out the 
Picture, 
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In small nurseries or where 6 small area of seedbeds or transplants is to be 
sprayed but where there is a fair knowledge of safe dosages, a satisfactory 
outfit is a 3-gailon continuous—pressure garden sprayer, either slung on the 
shoulder or mounted cn & garden cultivetor with a smail boom 6 to 8 feet or 
Jess in length anc equipped with fan-tynpe nozzles spaced 12 to 24 inches 
apart. Such a2 device was successfully used by nemmer and Tukey (4) in apply- 
ing 2, 4-D in rather light dosages and is equally adaptable to oil spraying 
in forest nurseries. 


A surprising amount of area can be covered with the ordinary 3-gallon sprayers. 
At Griffith State Nursery near wisconsin Rapids, Wisconsin, one man with this 
type of sprayer was eble to spray 500 seedbeds 4_by le feet in size in an 8- 


hour day, using a 75-gallon-per-acre treatment.+ 


For lerger scale operations, a tractor-drawn spray rig is ideal. Several of 
these are described by Zliason (3) and Cossitt (26 At Hugo Sauer Nursery, 
Rhinelander, Wisconsin, Nursery Superintendent E. F. Biebesheimer and staff 
adapted a Meyers Orcherd Sprayer for application of Stoddard Solvent. The 
sprayer was mounted on 4 trailer and had 12 Meyers fan-type nozzles spaced 

18 inches apart, mounted on a 3-section boom 20 inches above the ground and 
connected by rubber hoses to the power spreyer. This rig sprays three 4-foot 
beds at & time at a pressure of up to 200 pounds per square inch. 2é/ The tank 
holds about 100 géllons. with the usual seedbed setup of ten 4-foot beds 
between pipe lines, 9 beds are covered in 3 runs. The tenth bed is covered 

on the fourth trip with the two sections of the boom on either side shut off 
and swung in back of the center section of the boom. The spray rig was pulled 
by an Allis-Chelmers Model B rubber-tired tractor. 


It is necessary to compute in terms of gallons per acre the rate of discharge 
per minute at a given pressure of the sprayer used. This, in turn, is trans- 
lated into terms of tractor speed. At Hugo Sauer Nursery, for instance, with 
the rig used there, a speed of 162 feet per minute applics about 64 gallons 
per acre at a pressure of 200 pounds. 


A table of forwerd speeds with the trector in a certain gear ratio and with 
throttle set in specific notches is very useful when worked out in terms of 
a Tange of apolications, say for 30, 50, 70, and 90 gallons per acre. 


It is best to have valves, geskets, hoses, etce, on the sprey rig, which come 
in contact with the mineral spirits, mede of neoprene or other oil-resistéant 
Synthetic. Natural rubber quickly disintegretes from the chemical action of 
the spraye 


& number of precautions should be teken when using mineral spirit sprayse 
None of the material should be dropped or spilled on the beds, since it is 
likely to cause mortelity or severe burning of foliage. The highly in- 
flammable mineral spirits should be kept away from engine exhaust pipes, 
and no smoking should be allotied near the operétion.e No spraying should be 


1i/ According to Nursery Superintendent, W. H. Bremner. 

12/ Some authorities have recommended the use of pressures of 50 to 75 
pounds aie) but the 200-pound pressure céused no ill effects in these 
briLalss 
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done on windy days because of increased hazerd from drift end uneven coverage. 
Grounding of the spray rig with a short picce of dragging chain would appcar 
desirable. Mincral spirits should not be stored in nursery buildings where 
equipment or vélucble records are kept, but should be kept in berreis or 

léerge tanks awey from buildings. 


Savines by Use of Minoral Spirits 


The sévings in use of mineral spirits compered with hend weeding have run from 
35 to 76 percent in several time-and-cost studies run by E. F. Bicbesheimer, 
Superintendent of Hugo Sauer Nursery. The lower range wes in a lot of trans- 
plants where considereéble hand weeding was necessary as a "mop up™ operation 
after the sprayinge The higher figure was for some seedbeds where weed kill 
Was quite complete. Here the comparative costs were »75.87 for hand weeding 
and $18.22 per acre for oil sprayinge 


The mineral spirits in this section of the Lake States cost ebout 25 cents 
per gellon, and the labor cost of applying sprays emounted to $2.22 per acre 
in actual test. Labor now costs about 80 cents per hour. 


The use of spreys does not always climinate hand labor entirely, since in 
some instances from 5 to 15 mén-hours per ecre of laborméey be required in 
"nop up" several days after oil spréying to get rid of the larger or more 
Oil-resistant wecds which escaped. 


Weeding done entireiy by hand often requires ebout 100 hours per acre, and 
sometimes much more. A time study run et Hugo Saucr Nursery in seedbdeds 
with different densities of weeds which averaged one inch high (range 1/2 

to 2 inches) indicated that a stand averaging 10 weeds per square foot would 
require about 172 men—hours per acre, for the hand weeding (fable Waa iis 
is, therefore, understandable that some nurserymen have claimed an 80 to 90 
percent saving in weeding costs by use of sprays under conditions where weeds 
are réther dense and where the bulk of the weeding would have to be done by 
hand. 


In lake States forest-tree nurseries, secdbeds ere sown with 7 to 10 drills 
running the long wey of the 4-foot-wide beds, with a spece of 4.5 to 6.0 
inches between drilis. This makes possible the use of hand tools as well 4s 
mechanical cultivetion end reduccs costs of picking the weedse Therefore, 
in Leke Stetes nurseries, & more conservetive estimete of savings by weeding 
With minerel1 spirits is in the renge of 50 to 60 percent. 
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weed density 


Time per gross acre 


Weeds per squere foot of seedbed 1/ 
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Number Man-Hours 
i 35 
2 63 
+e) 87 
4 103 
5 123 
6 135 
7 147 
8 156 
9 165 

10 172 
11 178 
12 184 
13 188 
14 195 
15 200 
16 205 
7 210 
18 214 
19 218 
20 222 
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i/ Calculated on basis of 32,000 square feet per gross nursery acre 
actually being devoted to seedbeds, and remainder to paths and 
turn areas. Cost of mechanical weeding of paths, end of beds, 
and other unseeded areas is not included. 
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